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Investigating the properties of interfacial layers in planar Schottky contacts on hydrogen-terminated diamond through DC/small-signal characterization and radial line small-signal modelling Large-area Schottky diodes on hydrogen-terminated diamond are investigated through DC and small-signal characterization and physics-based equivalent circuit modeling. Measured current-and capacitance-voltage characteristics suggest significant distributed resistance effects induced by the relatively low mobility of the 2D hole gas in the diamond sub-surface. A distributed equivalent circuit model of the device is proposed aimed at correlating the device physics with the observed electrical behavior. It is shown that a heterostructure-like model of H-diamond Schottky contacts, including a thin non-conductive interfacial layer that separates the 2D hole channel from the Schottky barrier, enables an accurate description of both the device DC and AC behaviour and the extraction of relevant quantitative information on the physical parameters of the interface, channel charge control and carrier mobility. ideality factor close to one (1.01), and more recently in 12 , from temperature-dependent I/V characterization, with estimated barrier height of 0.59 eV and ideality factor of 1.01.
This letter presents a combined experimental and simulative study of the DC and smallsignal characteristics of H-diamond Schottky contacts aimed at gaining a deeper understanding of the underlying charge control and transport mechanisms. Such an understanding is also strictly correlated to the need to solve several technological issues affecting device instability and degradation 13 and to develop suitable physics-based and compact models 14, 15 for device design and optimization.
Room temperature I/V and small-signal measurements in the frequency range 100 kHz at the end of the growth. Electrical test structures were then fabricated on the hydrogenterminated diamond surface using a process that is identical to that reported elsewhere for the production of H-diamond FETs 16 and is summarised as follows: 80 nm of gold (Au) was deposited onto the hydrogen-terminated diamond surface via electron-beam evaporation to simultaneously protect the surface during processing and to form an ohmic contact to the underlying 2DHG. Patterning of the test structures was performed using poly(methyl methacrylate) resist and a Vistec VB6 electron-beam lithography tool operating at 100 keV.
Individual test structures were electrically isolated by treating the exposed diamond surface to oxygen plasma after selective removal of the Au layer by potassium iodide (KI) wet etch.
KI wet etch was used again to selectively remove the Au before depositing the gate metal (20 nm Al / 20 nm Pt / 40nm Au) onto the diamond surface. This process simultaneously acts to form the ohmic contact from the remaining Au and produce a gate-ohmic contact separation of 2 µm.
Measured I/V curves clearly exhibited a rectifying, asymmetric behaviour, while C/V curves showed a steep increase followed by a constant plateau that resemble the onset of a 2D conductive channel separated from the metal by a non-conductive layer 8, 9 . Both the I/V and C/V detailed characteristics showed a low amount of hysteresis when repeatedly measured from the ON to the OFF state and viceversa. Moreover, some degradation was noticed by repeating I/V characterizations after the small-signal characterization. Van Der Pauw (VDP) and Transmission Line Method test structures were also fabricated on the same wafer to characterize the electrical behavior of the ohmic contacts and the exposed (i.e. contact free) H-diamond surface. Sheet resistance was found on the average to be 8600 Ω/sq with contact resistance of about 5.8 Ω ·mm. Mobility of about 80 cm 2 V −1 s −1 and sheet hole density between 0.8 and 1.1 × 10 13 cm −2 were extracted for the exposed regions.
To introduce the discussion, we recall that the electrical behaviour of Schottky barriers coupled with interfacial layers is complex, and many conduction mechanisms can play a role (see e.g. Chapters. 3, 4 and 8 in 17 ), also depending on the technological quality of the interface. Due to the different material interfaces of the dielectric layer, the metal-semiconductor I/V measurements exhibiting a low amount of hysteresis (and therefore attributed to "technologically successful" devices), showed a number of common features, as can be seen from a representative I/V curve reported in Fig. 2 20 . The asymmetry argument is perhaps the strongest in favour of a thermionic interpretation of the current; indeed, as already remarked, a tunneling model (from 10 , Appendix A1) with proper barrier height and thickness is able to accurately fit the I/V characteristics in forward bias 9 . Concerning the low and high bias behaviour, this is compatible with a parasitic series resistance and a parallel leakage conductance. Notice that a more accurate fit at large forward bias (i.e. when the current is large) would require a distributed, radial model of the kind developed for the small-signal analysis; however, for small currents the distributed DC effect is negligible while for large currents it amounts to a slightly nonlinear behaviour of the parasitic series resistance. and/or by distributed effects of the channel resistance 23, 24 .
In the present case, due to the large gate contact area of the samples and the relatively low mobility (around 100 cm 2 V −1 s −1 ) of the 2DHG, a model based on a quasi-static approach, as usually exploited in H-diamond FET equivalent circuits 22 , where the Schottky contact is connected to the ohmic one by a lumped admittance (including capacitance as well as shunt and series resistances), does not provide an accurate description of the observed frequency dispersion. Such non-quasi-static behaviour may be obtained, as depicted in Fig. 4 , by modeling the device as a distributed RC network, in which the Schottky barrier is described by the gate-IL-diamond heterostructure 22 derived from the I/V analysis, and transport across the channel is modeled by a distributed series resistance. In particular, the circular symmetry of the samples suggested the development of a radial line equivalent circuit, extending the approach in 25 . In Fig. 4 , C IL and C ch (V ) are the per-unit-area IL and channel capacitance, respectively; G d is the per-unit-area conductance accounting for the gate-channel leakage current; R ch = 1/ (qµ h p s ) is the equivalent channel sheet resistance, being µ h and p s the 2DHG mobility and sheet density, respectively. The voltage dependent 2DHG concentration is computed by integrating the equivalent gate-channel capacitance provided by the series connection of C IL and C ch (V ).
Thus, the device is described by a nonuniform radial transmission line with nonconstant per-unit-length (p.u.l.) parameters that depend on the DC operating point. The input admittance of the radial line admits for an analytic expression whose detailed derivation is reported in 26 together with a validation against physics-based simulations. In V o l t a g e , V c h a n n e l h o l e d e n s i t y V o l t a g e , V c h a n n e l r e s i s t a n c e 4 c h , 9
